× 1.5 cm Ti plate, which was etched for 2 h by 10% (wt %) oxalic acid under near boiling conditions and then washed with deionized water. The process was repeated 5 times to obtain a loading weight of approximately 0.2 mg/cm 2 and was then stabilized by annealing for 20 minutes at 400 °C on each cycle. All electrochemical measurements were conducted using a three-electrode cell. The working electrode used was 0.5 cm × 0.5 cm (electrode reactive area = 0.25 cm 2 ) of the prepared DSA, and the remaining was insulated, except for a small part for connecting the wire. Here, a saturated calomel reference electrode (SCE) and a polished and cleaned Pt foil with a 1.5 cm × 1 cm reaction area were used for the counter electrode. The electrode potential from the SCE scale was converted to the reversible hydrogen electrode (RHE) scale by calibrating with: E (RHE) = E (SCE) + E j=0 .
The over-potential values (η) corrected with the iR were obtained using the following equation: η = E Applied (RHE) -iR-1.229, where i is the current, and R is the uncompensated Ohmic electrolyte resistance and was measured via AC impendence at the open circuit potential with 10 mV amplitude in three different pH solutions. The working electrodes were cycled a least 5 times until the curves were observed to overlap; then, the data of the CV's and polarization curves were recorded at the specified scan rate. The Tafel plots were conducted by the stair-case voltammetry method at the different potential range (vs. RHE), with 10 mV steps every 100 s (scan rate 0.1 mV/s) and current values were read at the end of each step. The electrolytes included 0.1 M HClO 4 (pH~1), 38 mL 0.2 M NaH 2 PO 4 and 62 mL 0.2 M Na 2 HPO 4 (pH~7), 0.1 M KOH (pH~13) and all of the chemicals were of analytical grade. In addition, deionized water was employed as the solvent; all chemicals used were of analytical grade, and the solvent used was deionized water.
Characterization. Except the OER activity, all the characterizations of the catalysts were performed for samples annealed at 600C, before anchored on the Ti plate. The crystal structure of the catalysts were investigated using powder X-Ray diffraction (XRD) using a D/max2550 V apparatus with a Cu-Kα radiation source (λ=1.5406 Å), and the data were recorded over a range of 10 to 80 at a step size of 0.02. The morphologies of the catalysts were observed using a field-emission scanning electron microscope (FESEM) equipped with a Nova NanoS and the Energy dispersive X-ray (EDX) spectrometer to confirm the composition using a TEAMApollo system. A JEM-2100 transmission electron microscope was used to obtain the TEM and HRTEM images. The surface properties of the catalysts were determined via X-ray photoelectron spectroscopy (XPS) using an ESCALAB 250Xi instrument with an Al-Kα radiation source at an energy step size of 0.05 eV for high resolution XPS spectrum. The samples were sputter coated with carbon, and the spectra were calibrated with respect to C-1s at a binding energy of 284.6 eV. The X-ray absorption data (XAS) at the Ir L III edge and the Cu K edge of the samples, which were mixed with LiF to reach 50 mg, were recorded at room temperature in transmission mode using ion chambers using the BL14W1 beam line of the Shanghai Synchrotron Radiation Facility (SSRF), China. The station was operated with a Si (111) double crystal monochromator. During measurements, the synchrotron was operated at an energy of 3.5 GeV and a current between 150-210 mA.
RHE calibration:
The SCE was calibrated with respect to the RHE in all three types of pH solution using a high purity hydrogen saturated electrolyte with a Pt foil as the working electrode 1 . CVs were run at a scan rate of 1 mV/s, and the average of the two potentials at which the current crossed zero was recorded to as the thermodynamic potential for the hydrogen electrode reaction.
Computational Details
All first-principle calculations were performed using the density functional theory (DFT) methodology implemented in the Vienna Ab-initio Simulation Package (VASP). The spin-polarized projector augmented wave (PAW) method 2, 3 and the Perdew-Burke-Ernzerhof (PBE) 4, 5 electron exchange-correlation functional of the generalized gradient approximation (GGA) were used in these calculations. The energy cutoff for the wave function expanding in the plane-wave basis was set to 400 eV. The energetic convergence threshold for the selfconsistent field (SCF) was 1 × 10 -4 eV/atom, and atomic relaxation was performed until all components of the residual forces were less than 0.05 eV/Å. For the surface models, the vacuum slab height between the slabs was ~20 Å to eliminate the interaction between neighboring slabs. The valence electronic configurations considered in this study were Ir (5d, 6s), O (2p, 2s), Cu (3d, 4p) and H (1s). [a] Calculated lattice constants from peak locations and miller indices.
[b] Based on DFT calculation. The fitting spectra showed a significant shoulder peak due to strong asymmetry peak type, and can be explanted by final-state effects 6, 7 ; two possible final states are tenable to this asymmetry peak type: the low binding energy peak due to core hole is screened, while the high binding energy peak arising from the core hole is unscreened 8, 9 . The second model 10 treats the high core line as an unusually strong plasmon satellite relative to the low binding energy main peak, and broadened by conduction electron scattering, thus the high binding energy is so broadened. Therefore, we did not attribute the shoulder peak to the higher valence Ir. 
